As construction projects become bigger, PMIS is being used as a project collaboration tool for project participants, owners, designers, inspectors and contractors. As the data type used in PMIS is usually text and most PMIS have no standard information classification system, there is a problem with data usability, such as the capacity for data search and analysis. BIM uses Objects and Properties, and this information might be used for relating with other construction information. As such, BIM technologies can be used with PMIS to enhance the data usability. The web environment is very convenient for multiple users, but the problem is that the data transfer speed is low for big files such as BIM model files. In this study, we suggested a Virtual Technology (VT) application to enhance the performance of BIM data exchange in PMIS, and tested and analyzed its efficiency when it is used to integrate BIM and PMIS in the web environment. The results of the study showed that VT can be used to enhance the efficiency of BIM data exchange in the web environment.
1. Introduction
Research objective
The construction industry has a life cycle that includes several phases, such as planning, design, construction, and maintenance, in which the participants in charge of each phase must cooperate with each other for the successful completion of a construction project. As such, there has been an urgent need for an integrated system that can manage potential jobs and tasks from the beginning to the end of a project. Project Management Information System (PMIS), an information system for construction project management, has been built and used. However, there are no clear information classification criteria for the PMIS, and the management has been performed based on the information of whether it is a text or a file, which leads to terribly low usability of information as a result [1] .
With recent advancements in IT, the progress of a construction project can be simulated in advance in a 3D virtual environment by using the Building Information Model (BIM) to predict and derive possible problems before construction. In addition, a more advanced technology is now being used that allows more accurate work process planning based on the work simulation [2] . BIM technology shares a similarity with PMIS, in that the related information can be integrated and 
Research methodology and scope
The previous studies on PMIS and BIM-based PIMS were examined to determine the connectability of PMIS with BIM and to analyze the problems arising from such connection. Moon et al. [6] -Deduct a problem existing PMIS -Suggests the ways for applying BPMS based on PMIS.
Yoon et al. [7] -Suggest strategy for BIM+PMIS system focused on improving PMIS based on ASP.
Current state of studies on BIM data exchange
The International Alliance for Interoperability BIM tools, and IFC 2x3 was released in 2007 and is used as the current standard [8] . Table 2 lists the previous studies on BIM data compatibility. and analyzing the problems found [10] . Jeong revealed the performance assessment results of BUCKY and presented an object-oriented database method as an alternative [11] . Joana proposed a 4D simulation prototype for updating construction schedule changes with the progress of a construction project, and analyzed its performance [12] .
Most of the studies focused on data compatibility, and few studies have been conducted on the massive information exchange required for a BIM-based PMIS.
A building plan for a BIM-based PMIS

Operation process for a BIM-based PMIS
The basic process for a BIM-based PMIS can be defined as follows. First of all, the volume and resource information is defined in a 3D Modeling, and the work breakdown structure is made, based on which the master schedule is planned and corrected through a simulation, and then overall constructability is reviewed using the detailed 
Application of virtual technology
The proposed virtual technology is similar to a cloud service in that it divides a physical resource into several logical resources or integrates several logical resources into one for use. As shown in Figure 5 , several users share a model server when using an existing PMIS, and they need to download a massive volume of IFC model data whenever they need it. At this time, the usability of the model varies greatly depending on the user's computer capacity. However, the model file is on a high-performance server when using the virtual technology. The user who needs the file can access the server using a virtual Figure 7 shows Navisworks, a commercial program, run remotely by virtual technology. In this study, four different types were defined to compare the display performance of the model when using virtual technology, as shown in Table 3 . In type A, the data was loaded directly using IFC-based web components without using the virtual technology. In type B, the data was directly loaded on the Internet using Navisworks, commercial software. In types C and D, the data loading was the same as in types A and B, respectively, but the virtual technology was applied both to type C and type D.
Comparison of 4D in the web environment
The performance of the four different types of simulation method mentioned previously was analyzed by referring to the data loading speed. As illustrated in Figure 8 , the speed of virtual technology-based simulations was improved by about 2.5 times on average compared with the web-based simulations. Here, the speed of Navisworks was shown to be higher than that of IFC components because the data volume of Navisworks uses binary type data, which greatly reduces the data volume to 1/20 that of IFC. shown to be 2.5 times faster than in the web components method. In the process performance evaluation by users, the virtual environment showed a 13.8 percent improvement compared with the conventional method. It is revealed that virtual technology can improve BIM data exchange performance on the web. In the future, the performance could possibly be further improved through the model server and data optimization, and on this basis it is believed that BIM information can be effectively utilized in the PMIS.
